INTRODUCTION
Strain induced crystallization (SIC) is one of the reasons for the outstanding properties of natural rubber. Due to this crystallization the stiffness of the material is increased mainly on the positions of highest strain leading to a self-reinforcing effect. But due to the kinetics of SIC this reinforcing effect has a certain time dependence.
SIC can be followed directly by wide angle x-ray scattering (WAXS). Because of the increase in brilliance of contemporary synchrotron radiation sources and the effort in detector sensitivity and read out time, nowadays the exposure time for a single pattern can be reduced to the millisecond regime.
Thermography enables a space-resolved measurement of surface temperatures. By suitable thermodynamic models it is possible to derive from those temperatures the thermal behavior of samples caused by thermal active processes like energy dissipation or crystallization/melting of crystallites in a good approximation. The high time resolution of contemporary infrared cameras enables to follow time dependent thermal processes in detail.
By the combination of deformation experiments with simultaneous synchrotron x-ray scattering as well as thermography, it becomes now experimentally possible to follow SIC and simultaneously to separate the crystallization dependent heat production or adsorption from dissipative processes in the material and to follow the time dependence of these processes.
Due to the high time resolution as a consequence of the high brilliance of the synchrotron sources, meanwhile it becomes possible to investigate practically interesting loading regimes, like cyclic impact loading with frequencies of e.g. 10 ... 100 Hz, which is representative for the dynamic loading of a rolling tire.
EXPERIMENTAL

Materials
Unfilled and carbon black (CB) filled natural rubber compounds were investigated. The filler content was 0, 20 and 50 (weight) parts CB per hundred rubber (phr), they are named NR, NR20 and NR50 respectively.
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Within the presentation we report about investigations of cyclic loadings of differently carbon black (CB) filled NR samples with respect to SIC, melting of the crystallites as well as the dissipative heating and convective cooling of the rubber materials. 
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Despite this dissipation the material behaves hyperelastically, the energy stored by entropy-elasticity is responsible for a reversible heating and cooling of the sample.
During SIC the heat of crystallization is responsible for a strong heating of the sample in the second region, during subsequent unloading the same amount of energy is released for the dissolution of the crystallites causing a cooling of the sample.
After reaching a certain degree of crystallinity, which is dependent on the individual rubber network and the filler content, in a third region a further deformation of the sample obviously behaves like an energy-elastic material without further heating of the sample.
In filled rubber materials the distinction of the stages of the strain crystallizing materials is less apparently like in the unfilled NR.
For highly dynamic loading of rubber the dynamics of SIC must be taken into account. Here, mainly the question of nucleation of SIC must be further investigated.
CONCLUSIONS
Coupling of thermography and synchrotron x-ray scattering during cyclic tensile tests is a powerful tool to separate dissipative processes within unfilled as well as filled rubber materials from structural changes like strain induced crystallization. For a quantitative evaluation of the energy balance, it is important to take into account the natural heat transfer to the surrounding. For a quantitative evaluation of the thermography measurements, not only the geometry change of the samples has to be taken into account, but also the changes in the emission coefficient of the samples due to deformation, in particular in the case of unfilled natural rubber.
The hysteresis of the stress-strain curves is similar to the hysteresis in the SIC. But at a certain strain the crystallization slows down or stops, while the sample temperature is mainly estimated by free cooling.
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